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摘    要 















细胞中 GLUT8基因有很丰富的表达，说明 GLUT8主要分布在 Leydig细胞
和精子细胞中。RT-PCR 数据还显示，在 20d 龄的青春前期大鼠的不成熟
睾丸和心、肝、肾、脾等其它组织器官中，GLUT8 基因表达水平相对于
成年大鼠要低一些。 
本文采用改良的 Klinefelter 方法分离获得纯度为 98%、存活率为
95%的大鼠 Leydig 细胞，并用 RT-PCR 和 Western Blotting 技术，研究
原代培养的 Leydig 细胞中，hCG、IGF-1 和三种细胞因子（IL-1α，
TNF-α和 IFN-γ）对 GLUT8 基因表达的调控作用及对睾酮合成的影响。















平(P<0.001)，且和 hCG 剂量与作用时间成正相关。此外， IGF-1(100 
ng/mL) 也可以增加 GLUT8基因的表达(P<0.01)，并且可以和 hCG协同作
用，显著提高大鼠 Leydig 细胞中 GLUT8 基因在 mRNA 和蛋白质水平的表
达。该结果与 IGF-1(100 ng/mL) 和 hCG(10 ng/mL)协同作用可极显著增
加睾酮合成水平(P<0.001)的结果是相吻合的。 
    研究还发现，GLUT1和 GLUT3基因在大鼠 Leydig细胞中也有一定程
度的表达。hCG(10 ng/mL) 或 IGF-1(100 ng/mL) 单独或共同作用于细
胞均不能影响 GLUT1 和 GLUT3 基因的表达；而细胞因子 mIL-1α(10 
ng/mL), mTNF-α(10 ng/mL)和 mIFN-γ(500 U/mL) 单独或共同作用于
细胞，都能够显著降低成年大鼠 Leydig 细胞中 hCG 诱导的 GLUT8 基因
mRNA水平(P<0.001)。 
本文还成功地在 MA-10 小鼠 Leydig 肿瘤细胞中过量表达 IP-10 基



























In mammals, testosterone synthesized by testis interstitial tissue play an 
important role in the physiological procedures such as malization of embryo 
development, production of sperm, male  sexual behavior and male sex gland 
development. On physiological condition, Leydig cell steroidogenesis is 
modulated by LH/hCG, some growth factors and cytokines. Glucose is 
essential for Leydig cell steroidogenesis and glucose transporters (GLUTs) 
play a key role in the transport of glucose into the cells. However, there is 
limited information regarding the regulatory factors and regulating 
mechanisms of glucose uptake by GLUTs in Leydig cells. In this thesis, the 
effects of LH/hCG, growth factors and cytokines on glucose uptake in Leydig 
cells and testosterone formation were studied in order to investigate 
relationship between steroidogenesis and glucose metabolism in Leydig cells. 
Firstly, tissue-specific expression of GLUT8 gene in rat testis and Leydig 
cells were investigated by using RT-PCR. The results revealed that GLUT8 is 
expressed predominantly in the testis, in smaller amounts in heart and kidney, 
and in negligible amounts in liver and spleen.  Furthermore, GLUT8 mRNA 
was found to be highly expressed in crude interstitial cells, Leydig cells and 
testicular and epididymal germ cells. These results indicated that GLUT8 
predominantly distribuites in Leydig cells and sperm cells. The data of RT-
PCR also indicated that, in prepubertal rat (20-day-old) tissues, GLUT8 
expression was comparatively much lower than that in the adult rat tissues.  
Secondly, the rat Leydig cells, with the purity of 98% and the viability of 
95%, were isolated using modified Klinefelter’s method. Then, the regulatory 
effects of hCG, IGF-1and cytokines (IL-1α, TNF-α and IFN-γ) on GLUT8 
expression and testosterone formation in primary cultured rat Leydig cells 
were investigated by comparative RT-PCR and Western blotting. The results 















mRNA levels. hCG and IGF-1 had synergistic effects on GLUT8 mRNA and 
protein expression(P<0.001). This result is consistant to the result from the 
experiment in which IGF-1(100ng/mL) and hCG(10ng/mL) can increase 
testosterone level synergistically(P<0.001). 
 Thirdly, GLUT1 and GLUT3 were also found to be expressed in Leydig 
cells. However, neither GLUT1 nor GLUT3 expression was affected by 
treatments with hCG, IGF-I, or hCG and IGF-I combined.  The treatment of 
mIL-1α (10 ng/mL), mTNF-α (10 ng/mL) and mIFN-γ (500 U/mL) separately 
or in combination significantly decreased the hCG-induced GLUT8 mRNA 
levels in adult rat Leydig cells(P<0.001).  
Finally, transfected IP-10 gene was overexpressed in MA-10 mouse 
Leydig tumor cells. The results showed that IP-10 protein secreted by the IP-
10 transfectants into the culture medium was 30-40 fold more than the basal 
levels as estimated by Western blotting. Transfection of MA-10 cells with 
IP-10 gene significantly decreased cAMP-induced progesterone synthesis 
(P<0.01). cAMP (0.2 mmol/L) induced StAR D1 mRNA expression but this 
StAR D1 mRNA expression induced by cAMP (0.2 mmol/L) was decreased 
30-40% by transfection with IP-10, indicating that progesterone synthesis 
inhibition by IP-10 may be through decreasing StAR D1 expression. 
Transfection of IP-10 also significantly decreased 3H-thymidine 
incorporation into DNA induced by insulin-like growth factor (IGF-1, 100 
ng/mL). These data suggest that IP-10 also inhibits MA-10 tumor cell 
proliferation and that it may be possible to use IP-10 in gene therapy for 
prostate cancer due to its antiangiogenic effects and its inhibitory effects on 
steroidogenesis.  
 

















BSA：     bovine serum albumin  牛血清白蛋白 
FBS：     fetal bovine serum  胎牛血清 
GH：       growth hormone  生长激素 
GLUT：  glucose transporter  葡萄糖转运蛋白 
hCG：      human chorionic gonadotropin  人绒毛膜促性腺激素 
HS：         horse serum  马血清 
3β-HSD： 3β-hydroxysteroid dehydrogenase  3β -羟甾体脱氢酶 
IGF-1：    insulin-like growth factor-1   胰岛素样生长因子－1 
IFN-γ：    interferon-γ  γ－干扰素 
IL-1：       interleukin-1  白细胞介素－1 
IP-10：     interferon-γ-inducible protein 10  γ－干扰素诱导蛋白 10 
kDa：        kilodalton  千道尔顿 
LC：          Leydig cells  睾丸间质细胞 
LH：          luteinizing hormone  促黄体生成激素 
MA-10：   MA-10 mouse Leydig tumor cell  MA-10 小鼠睾丸间质肿瘤细胞  
P450c17：17α-hydroxylase/C17-20lysase   胆固醇 17α-羟化酶/C17-20裂解酶 
P450scc：  Cholesterol side-chain cleavage cytochrome P450  细胞色素 P450
胆固醇侧链裂解酶 
RIA：          radioimmunological assay  放射免疫测定法 
RT-PCR：  reverse transcription – polymerase chain reaction  反转录－聚合
酶链式反应 
SER：         smooth endoplasmic reticulum   光滑内质网 
SF-1：        steroidogenesis factor-1   类固醇生成因子－1  
StAR：       steroidogenic acute regulatory protein 类固醇合成急性调节蛋白 
TM：          transmembrane domain   跨膜结构域 















前      言 
 
一、葡萄糖转运蛋白的研究进展 








表达于小肠上皮细胞刷状缘和肾脏的近曲小管。该蛋白在细胞膜 Na+ -K+ 
ATP 酶作用下逆浓度梯度并偶联 Na+主动转运葡萄糖，同时消耗能量。
































运蛋白家族由 13 种跨膜蛋白质分子组成，它们的分子量介于 45-55 kDa
之间, 它们是葡萄糖转运蛋白 GLUT1-GLUT12 和氢离子 (H+)/肌醇(myo-
inositol) 协同转运载体蛋白 HMIT1[4] [7] [12] [19] [26][28] [29]。 
(二) 葡萄糖转运蛋白主要的结构特点 
       组成葡萄糖转运蛋白的氨基酸数量从 492 至 524 个不等，该蛋白质
家族中的蛋白质分子的氨基酸序列具有一定的保守性，其共同序列部分
或称保守序列区构成它们的共同功能区域，如葡萄糖扩散的孔道。人与
大鼠的 GLUT1和 GLUT4具有高度序列保守性，分别有 97.6%和 95.3%
的序列相同，而二者的 GLUT2序列仅有 81.5%相同。说明在生物进化过
程中，GLUT1和 GLUT4两种蛋白保持着重要的葡萄糖转运功能。 
        由于编码葡萄糖转运蛋白分子的基因(SLC2A) 序列都很相似，使得
GLUT 家族中的膜蛋白质分子具有一些共同的二级结构特征，主要包括
(1) 这些蛋白质分子的二级结构中都含有十二个跨膜螺旋结构域




















位于细胞质膜外侧的第一和第五个胞内环结构域(loop1 and loop5) 。在
GLUT1- GLUT5这 5个跨膜蛋白质的跨膜结构域 TM1和 TM2之间存在
一个伸出细胞质膜外的大的糖基化的环状结构域 (loop domain), 而在
GLUT6 和 GLUT8 两个跨膜蛋白质分子中，相似的位于细胞质膜外侧的











(三) 葡萄糖转运蛋白的分类   
       2001 年，Joost 和 Thorens[5]在比较了蛋白质分子氨基酸序列的相似
性和特征的序列元素的基础上，把 GLUTs跨膜蛋白质家族分成三个亚家
族(subfamily), 它们分别是：第一类(Class I) 即前几年所报道的葡萄糖转
运蛋白 GLUT1~GLUT4；第二类(Class II) 指从前报道的果糖转运蛋白，
包括果糖特异性转运蛋白 GLUT5 和三个相关的蛋白质 GLUT7，GLUT9
和 GLUT11；第三类 (Class III) 包括 GLUT6，GLUT8，GLUT10，
GLUT12 和 H+/肌醇协同转运蛋白 HMIT1 。这些蛋白质分子具有氨基酸
序列的相似性并表现为类别特异的序列特征，它们运载各种已糖分子，
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